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QUARTERLY PROGRESS REPORT FOR D-REGION
JONOSPHERIC PROBE

(NASA Contract R-06-012-007)
March 28 through June 27, 1967
by

E. C. Whipple

This report describes the work that has been done during the three
month period from March 28 through June 27, 1967, on the data from the
D-Region Ionospheric Probe launching (NASA Nike-Cajun 10.181). In summary,
the trajectory and aspect data have been reduced. The electron density
profile from the Faraday rotation experiment has been refined. The
Lyman-alpha data has been reduced to obtain Lyman-alpha radiation flux
and approximate pressure and collision frequency profiles. Finally, the
Gerdien condenser data have been partially reduced to an ion density profile.

The trajectory of the rocket was determined from radar tracking data
by a best-fit procedure which will not be described here, The results of
this computation are presented in Table 1 in the form of second-by-second
values of position (north, east, and vertical components in ft.), velocity
(components in ft/sec), and acceleration (components in ft/secz). The
peak of the trajectory occurred at 171.7 sec, at an altitude of 116.4% km
(392,000 ft). The position data is all referenced with respect to the
launch site (elevation 3989 ft). ‘l'he first 20 sec of data is not reliable.
After payload separation at 270 sec the data describes the Cajun trajectory.

A Heliflux Magnetic Aspect Sensor Type RAM-5C was mounted horizontally
in the payload nose section. The device measured the component of the
earth's magnetic field along its axis. A DC voltage proportional to
projected field intensity drove the even-numbered channels of a 28-channel
commutator which in turn fed one of the TM channels.

During the portion of the flight of most interest (LO sec to 172 sec)

the rocket was spinning at a steadv rate near 8 rps. The maximum and

N67-854y

(ACCESSION NUMBER) h (THRU)

/4

" (PAGES) (copE)

[k § 75562

(NASA CR OR TMX OR AD NUMBER)

]

FACILITY FORM 602

(CATEGORY)



2

minimum voltage during each spin were measured, and the difference was
converted into a projected magnetic field intensity from the instrument
calibration. From this the angle between the rocket spin axis and the
true magnetic field was computed by assuming a linear change of field

with horizontal distance, and an inverse-cube correction for the height

variation:
3
B = BO + X X (Bpeak B Bo)( f_EE-_j>
peak + Z
where B = 0.5134 Gauss, Bpeak = 0.5184 Gauss, and where X = horizontal

range, RE = radius of earth, and Z = altitude.

A solar aspect sensor of the Albus type provided the angle between
the rocket spin axis and the sun for angles between l9.5o and 1600. This
data, read at the same times as the magnetic sensor, was combined with the
angle between the spin axis and the magnetic field to provide the azimuth
and elevation of the spin axis as a function of time. This information
will be provided in the final report.

The preliminary electron density profile from the Faraday rotation
experiment which was given in the first quarterly report has been refined
as follows: variations in the spin rate of the rocket have been taken
into account and measurement errors in the times of the nulls in both the
Faraday signals and also in the M AGC signals have been reduced. The times
of the AGC TM nulls were fitted to a smooth curve which was assumed to
represent the true spin rate of the rocket. This curve was used as the
reference for determining the phase of the Faraday rotation signal. The
times of the nulls of the Faraday signals were also fitted to a smooth
curve before the phase calculation was made so that individual reading'
errors in the null times would not be reflected in the final values.

In computing the electron density from the two Faraday rotation
frequencies, the quasi-longitudinal approximation of the Appleton-Hartree
expression was used. The collision frequency used in the calculation was
determined from the Lyman-alpha data. The calculated electron density

profile from the two frequencies is shown in Fig. 1.



3

The current measured by the Lyman-alpha ionization chamber was taken
to be proportional to the Lyman alpha flux., This flux is shown in Fig. 2
and was determined from the known efficiency of the chamber, the window
area, and the angle between the normal to the window and the sun. The
partial pressure of O2 is also shown, computed from the Lyman-alpha
flux using an absorption cross section of 8.7 x 10_2lcm?. From this the
electron collision frequency was computed using the relationship of Aikin,
Kane, and Troim that the collision frequency is given by 9 x lO7 p (MM Hg)
sec—l. The actual collision frequency used in the quasi-longitudinal
Appleton-Hartree expression was (5/2) times that shown in Fig. 2, as Sen
and Wyller have shown.

No useful positive ion data from the positive Gerdien condenser was
obtained because of a failure of the bias lead to the instrument. Good
data was obtained from the negative ion condenser however. A preliminary
calculation of the ion density has been made, based on the assumption that
the current is proportional to the number of negative particles (ions and
electrons) entering the condenser, the rocket velocity, and the cosine of
the angle between the condenser axis and the velocity vector, These
assumptions are being examined. It is anticipated that it will be possible

to correct these preliminary densities to get a more accurate profile,
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